Purpose -To analyse the publications of, and the citations to, the current staff of 19 departments of computer science in Malaysian universities, and to compare this bibliometric data with expert peer reviews of Malaysian research performance.
Introduction
Governments worldwide are looking for ways in which they can evaluate the quality of the research that is carried out in their countries' universities. Informal evaluations have been carried out for many years, but the increasing costs of higher education provision have resulted in the development of more formal evaluation mechanisms. These mechanisms are designed to ensure that government funding will be channelled to those institutions and research groups that have demonstrated their ability to carry out high-quality research in a cost-effective manner. Formal procedures are perhaps best established in the United Kingdom, where sector-wide evaluations have been carried out since the mid-Eighties (normally under the name of a Research Assessment Exercise, or RAE (at http://www.rae.ac.uk/)). In an RAE, panels of subject experts review research outputs and textual narratives produced by university departments, and then assign a grade (or set of grades in the most recent evaluation) reflecting the quality of the research that has been carried out by each submitted department. Similar nation-wide, multi-disciplinary procedures are being adopted in an increasing number of countries, e.g., Excellence in Research for Australia (at http://www.arc.gov.au/era/), Valutazione Triennale della Ricerca in Italy (at http://vtr2006.cineca.it/index_EN.html), and the Performance-Based Research Fund in New Zealand (at http://www.tec.govt.nz/Funding/Fundfinder/Performance-Based-Research-Fund-PBRF-/); while the Norwegian Research Council (at http://www.forskningsradet.no/en/Home_page/1177315753906) has carried out several such assessments that focus on specific disciplines or groups of disciplines.
Research quality has traditionally been assessed by means of expert review (in a manner analogous to the procedures used for refereeing journal articles and grant applications), not least because this approach is well established and generally enjoys the support of the academic community. It is, however, very costly in terms of the time of the subject experts, and this has spurred interest in the use of bibliometric indicators as a surrogate for peer review. These indicators can consider both the quantity of research (as reflected in the numbers of research publications produced by a university, department or whatever) and the quality of research (as reflected in the numbers of citations to those publications) and are typically far cheaper to use since they exploit existing bibliometric databases and do not require costly human judgments. Moreover, there is an increasing body of evidence to support the view that bibliometric approaches can yield results closely mirroring the judgments of subject experts. Specifically, significant correlations have been observed between expert judgments and bibliometric data in comparisons carried out in Italy (Abramo et al., 2009; Reale et al., 2007) , the Netherlands (Rinia et al., 1998; van Raan, 2006) and the UK (Norris and Oppenheim, 2003; Oppenheim, 1997; Seng and Willett, 1995) . That said, bibliometrics has its own limitations, and these would have to be borne in mind if a decision was taken at some point in the future to base research evaluation solely on bibliometric data, without recourse to expert judgments.
The previous comparisons of bibliometric and peer-review data cited above have all involved countries with long-established higher education systems; here, we extend such comparisons to a country where the research tradition in higher education is, perhaps, less well established thus far and is still under active development. Specifically, we report a bibliometric evaluation of the research published by university departments of computer science in Malaysia, and discuss the results obtained in the light of reviews of Malaysian universities that have been conducted by the Malaysian Ministry of Higher Education and the Malaysian Qualification Agency.
Background
Malaysia is a thriving hub for research and development in computer science and ICT more generally (Gu, 2002 Many studies have been reported that review computer science in specific countries (e.g., Guan and Mar, 2004; Kumar and Garg, 2005; Moed and Visser, 2007; Wainer et al., 2009 outstanding (6*) down to weak (1*). The main criteria used in SETARA were: the reputation of the academic staff, student selection, research, academic programmes, resources and management, with research accounting for just 15% of the overall grade. None of the universities received either the highest (6*) or lowest (1*) rankings and only one university, UM, received the 5* (excellent) ranking.
It must be emphasised that both the MQA and SETARA evaluations ranked universities as a whole, and took no specific account of each university's constituent departments. The two evaluations do, however, provide at least some basis for comparison with the bibliometric data collected here.
Methods
Until very recently, most bibliometric studies have used WoS to obtain citation data. This database contains articles and citations appearing in over 10,000 of the world's leading academic journals, these being published in 45 different languages and covering the whole range of academic research (sciences, social sciences, arts and humanities) since 1900. In 2009, WoS extended its coverage to include 110,000 proceedings from significant conferences, symposia, seminars, colloquia etc that have taken place since 1990.
The recent development of the Elsevier Scopus and Google Scholar databases has provided alternative, and possibly complementary, sources of data to WoS (e.g., Bar-Ilan, 2008; Bauer and Bakkalbasi, 2005; Falagas et al., 2008; Jacso, 2008abc; Li et al., 2010; Meho and Yang, 2007; Sanderson, 2008) . Scopus covers 16,500 journals, as well as book series and conferences. The extent of the coverage is variable: Elsevier journals go back to 1823, but some have only been added in the present century; and citation data are available only for publications since 1996 (Jacso, 2008b) . The coverage of Google Scholar is far greater than that of the two other databases, including not just articles and conference proceedings, but also working papers, student theses, reports etc, and also many more non-English publications. Google Scholar does, however, suffer from the purely automated nature of the database creation routines, which result in many errors that require careful, time-consuming processing if accurate results are to be obtained; it also lacks the sophisticated searching tools that are provided by WoS and Scopus to facilitate comprehensive bibliometric analyses (Jacso, 2008c; Meho and Yang, 2007 Each university also has listed the official abbreviation that it uses for its name and the educational unit (i.e., a department, school or faculty) in which computer science is based within that university:
in the remainder of this paper we shall refer to these as departments, irrespective of their precise status. The third and fourth columns in each row of the table contain the outcomes of the MOHE and MQA evaluations that have been discussed previously; the three private universities marked N/A in the SETARA column were not included in the MQA evaluation since this was restricted to public universities.
A choice had to be made as to how the departmental publications were to be identified. One approach would be to carry out subject searches: however, this is extremely difficult given the huge range of possible topics on which a computer science department might publish, and an alternative, authorbased approach was hence adopted. The home-pages of the 19 chosen computer science departments were inspected to identify the names of their permanent faculty. The resulting individuals were searched in WoS and Scopus to identify their publications and then the citations to those publications.
Care was taken to encompass the variations in name-forms that are to be expected for faculty who may be (principally) Malay, Chinese or Indian. For example, Lee Sai Peck (a Chinese name) from UM is listed in WoS as having published 10 articles as Lee SP and one article as Peck LS; whilst Mashkuri Yaacob (a Malay name) from UM is listed in WoS as having published 11 articles as Yaacob, M. and one article as Mashkuri, Y. Name changes can also occur, e.g., when a person gets married or changes their religion; these variants were also searched if this information was available.
The searches were hence as comprehensive as possible; however, name processing is highly complex (Aksnes, 2008) written by multiple authors from the same department was considered as a single publication; if the authors came from multiple universities then each individual university was credited with that publication (this latter situation was much less frequent with only ca. 10% of the collaborative publications involving more than one university). The publications identified in these searches were then used as the bases for citation searches. The individual numbers of publications by each university, and of citations to those publications, are shown in Table 2 . The sets of downloaded publications and citations were then analysed as discussed below.
Results

Publications
We consider first the results of the WoS publication searches. When this study was carried out, there was a total of 1631 academics working in the 19 computer science departments in Table 1 . Table 2 shows that they were responsible for a total of 508 publications in WoS, which implies an extremely low level of author productivity. It should be noted that some Malaysian universities are specifically charged with teaching rather than with research, and are thus not expected to produce many research publications, and that databases often provide less coverage of research in developing, than in developed, countries (Arunachalam, 2003; Baird and Oppenheim, 1994) . Even so, the numbers reported in Table 2 are very low, albeit better than 1980 and 1985 when no Malaysian computer science publications at all could be found in WoS (Davis and Eisemon, 1989) .
It might have been expected that the most productive departments would be those in the four research universities. This is indeed generally the case, with these institutions (USM, UKM, UPM and UM) being in positions 2 and 4-6 when the universities are ranked in order of decreasing numbers of publications. The top university is MMU. This was the first private university established in Malaysia; it specialises in ICT, and its research strength has been noted previously by Shari and Ahmad (2005) . The next non-research university is UTM, which focuses on engineering and which might thus be expected to have strong computer science programmes. Five of the university departments had no WoS publications: UPSI, UniMAP, UMP, UMT and UTP. These are all new universities with a focus on teaching rather than on research, and with even the oldest (UPSI and UTP) having been established as recently as 1997.
Of the publications that were identified, 367 were papers in conference proceedings and 134 were journal articles, with 3 meetings abstracts, 2 letters and 2 review articles. This marked preference for conference publication is well known in computer science (Sanderson, 2008; Snoeyink, 2005) . Table 3 have a CORE grading. Analysis of the 367 Malaysian conference papers showed that none of these had been presented at A+ conferences and only 17 at A or B conferences. We thus conclude that the majority of the most popular publication routes are likely to have only limited impact.
There were 567 distinct authors for the set of 508 publications. Of these 507 were from Malaysia, 17 from Japan and 16 from the UK, with no other country providing more than 4 authors. The collaborations with Japanese colleagues may be a result of the Malaysian government's Look East Policy, which sought to increase collaborations with Korean and Japanese educational institutions, while the collaborations with UK colleagues derive from the fact that many Malaysian academics have carried out their graduate and/or postgraduate studies in the UK. Overall, then, there would appear to be only a very limited level of international collaboration. This is regrettable since it has been suggested that publications involving international collaborations attract more citations than do purely national publications (van Leeuwen, 2009 ).
The results obtained from the Scopus publication searches are broadly comparable to the WoS results. from the UK, and 10 from both India and Japan, with no other country providing more than 8 authors.
Citations
Turning now to the citation searches, we first consider the Scopus results. The 748 Scopus publications attracted a total of 871 citations, with these citations being shared by 251 of the publications, i.e., almost exactly two-thirds of the publications did not attract any citations at all. The ten most-cited articles are listed in Table 4 , and show a wide range of research areas, e.g., artificial
intelligence, information retrieval, medical informatics and pattern recognition. Citation counts accumulate over time, and it is hence interesting to note that several of the articles in the the most productive nation was China (80 citations), then Malaysia (65) itself, followed by the UK (50), the USA (40), Taiwan (30), India (24) and Canada (22), and with no other country yielding more than 20 citations.
The WoS citation results are very similar. The 508 publications attracted a total of 481 citations so that at 0.95, the mean number of citations per publication is slightly less than the Scopus figure of 1.16. Seven of the ten most cited WoS articles are also included in Table 4 ; and China, Malaysia, the UK and the USA were again (in that same descending order) the countries that cited Malaysian publications most frequently.
To put the Malaysian publication and citation figures in perspective, we carried out a WoS search for Table 5 , which make clear that the Malaysian departments have only recently started to become research-active and to attract citations. The Sheffield department, conversely, has been established for many years and some of the staff have hence had a considerable period of time to publish and to attract citations. Even so, there is a striking disparity between the levels of productivity and recognition in the two cases.
Comparison of WoS and Scopus data
Several comparisons have been reported between WoS and Scopus (Archambault et al., 2009; Gavel and Iselib, 2008; Lopez-Illescas et al., 2009; Meho and Sugimoto, 2009; Norris and Oppenheim, 2007; Vieira and Gomes, 2009 ) but we are aware of only one focusing on computer science. Meho and Rogers (2008) studied collaborations between human computer interaction researchers, and found that Scopus provided significantly better coverage of project publications than did WoS, principally owing to the former's inclusion of conference proceedings; however, the study predated the inclusion of such material in the WoS database, and also involved a total of only 22 researchers.
Here, we identified a total of 988 distinct publications in the two databases. Of these, 480 were unique to Scopus, 240 were unique to WoS and 268 were common to both. If just one database is to 
Relationships between bibliometric data and peer review
As noted in the Introduction, there has been much interest in identifying whether bibliometric measures can be related to the results of expert peer review for purposes of research evaluation. In this section, we shall consider the extent of such relationships for the citation and publication data discussed above. It must be emphasised again that the peer reviews (i.e., the evaluations carried out by MOHE and MQA) have been performed at the institutional level, whereas the bibliometric data is at the departmental level. Any relationships that are identified hence involve the assumption that the research performance of the computer science department in each institution is typical of the performance of the institution as a whole.
We consider first the MOHE research university evaluation. Inspection of the bibliometric data in Table 7 ). It will be seen that the null hypothesis can be rejected (p <= 0.05) for three of the four cases, with the Scopus citation data being the sole exception.
The data from the MQA evaluation is ordinal in character, since each of the 16 public universities considered has been given one of the six available grades for research quality. It is hence possible to use the Spearman rank correlation to determine whether there is a statistically significant correlation between the bibliometric data (e.g., the WoS publication counts) and the SETARA grades. The results of the analysis are listed in Table 7 . In each case we show the observed correlation coefficients: statistically significant correlations are obtained for three of the four elements of the table, the sole exception again being the Scopus citation data. There is hence generally a significant correlation between the bibliometric data and the SETARA grades for this set of 16 universities.
Conclusions
This paper has described the first attempt to evaluate the research performance of Malaysian departments of computer science using bibliometric methods. Searches of the WoS and Scopus databases identified 508 and 748 publications respectively that had been published by the 1631 current academic faculty of the 19 departments that were chosen for analysis. These publication rates are very low, even allowing for the fact that some of the universities considered here have a purely teaching function. Only a few of the publications appeared in high-impact journals or conference proceedings: this is reflected in the low impact of much of the work, with the publications attracting totals of 481 (WoS) and 871 (Scopus) citations. A few of the publications have succeeded in attracting non-trivial numbers of citations, these generally being in high-impact international journals.
The overall level of performance is consistent with a recent review of international research in computer science (Ma et al., 2008) , which did not identify Malaysia as a leading research country.
The publication and citation counts support the view that Scopus provides better coverage than does WoS for this sort of analysis; however, the two data sources are complementary in scope, with less than half of the distinct publications appearing in both sources.
Two evaluations have been carried out of the research performance of Malaysian universities, and we have investigated the extent to which the results of these evaluations (which have been carried out at the university level) mirror the publication and citation counts obtained here (which have been obtained at the departmental level). The two sets of data are found to be in general agreement with each other, in that the bibliometric data support the results of the two public, peer-review evaluations.
We hence conclude that the computer science departments are generally performing at levels that are compatible with the status of their parent institutions.
In conclusion, we note again the two major limitations of the work. First, the study has considered only the current staff of the universities, and the publication counts (and the resulting citation counts)
hence represent just a snapshot in time of faculty productivity. It is also, of course, the case that there will be additional, but less significant, publications not considered here because the sources in which they were published are not included in WoS and Scopus. Second, there are as yet no departmentlevel evaluations of research excellence, and we have hence used the two sets of university gradings.
It is the stated policy of the Malaysian government to enhance the international standing of its universities, and the instigation of department-level evaluations would undoubtedly support this aim.
In the interim, studies such as that reported here may serve to identify those departments that are most worthy of government research funding.
